ABSTRACT: The need for long-term demographic studies on apparently healthy amphibian populations led us to undertake an intensive examination of a population of Spotted Salamanders (Ambystoma maculatum) at a small, temporary pond in Ohio. From 2005 to 2014, we captured adults and juveniles at the pond edge, individually marked a subset of adults, and examined patterns in breeding population size, sex ratios, recruitment, differences in body size over time, and survival and recapture rates. We found that this breeding population size varied 2.65-fold across 10 yr, with an overall negative trend driven by a decline in adult males, despite the fact that adult annual survival was not dependent on sex, and that males were more likely to be recaptured annually than were females. We also found that recruitment rates were low and never reached replacement values. Body sizes varied across years for adults as well as for emerging juveniles, and females lost a larger fraction of their mass in the pond than males, especially as time in the pond increased. Some demographic variables were consistent with previous shorter term studies. We found unusually low recruitment and annual recapture rates, however, in addition to a decline in males over time, which might reflect an expansion of our understanding of what is typical for this species. It might also indicate that our population was in the early stages of decline, potentially affected by changes in hydroperiod and increases in infectious disease mortality.
POND-BREEDING amphibians play critical ecosystem roles, including providing important links in the food web (reviewed by Davic and Welsh 2004) and moving nutrients and energy across the wetland-terrestrial boundary (Seale 1980; Regester et al. 2006; Capps et al. 2015) . In addition, the well-being of individuals and populations might be indicators of environmental health (e.g., Vitt et al. 1990) , especially because the majority of these organisms rely on the quality of two habitats-a pond for breeding and development and a terrestrial upland for feeding and overwintering (Wilbur 1980) . Given their roles in ecosystems, and in the face of dramatic global amphibian declines (e.g., Stuart et al. 2004; Wake and Vradenburg 2008) , we would be well-served to more thoroughly understand the demography of apparently healthy populations in advance of potential decline.
One challenge to understanding typical demographic patterns for pond-breeding amphibians is that densitydependent population regulation appears to occur in both the larval, aquatic environment (Petranka 1989; Berven 1990 ) and in the postmetamorphic, terrestrial environment (Biek et al. 2002; Homan et al. 2004 ). Those multilayered density-dependent factors, combined with density-independent regulation resulting from environmental stochasticity (e.g., drought; Anderson et al. 2015) , or inconsistent breeding effort (Homan et al. 2007) , can result in breeding population sizes that fluctuate greatly over a relatively short period of time. Therefore, in order to be confident that we can distinguish between typical or natural population fluctuations and human-influenced fluctuations, we need long-term demographic studies (e.g., Pechmann et al. 1991; Blaustein et al. 1994; Semlitsch and Anderson 2016) . Although there are a fair number of shorter term demographic studies ( 6 yr) of pond-breeding amphibians (e.g., Husting 1965; Blackwell et al. 2004; Homan et al. 2007; Semlitsch and Anderson 2016) , longitudinal demographic studies that extend a decade or more are uncommon (but see Pechmann et al. 1991; Semlitsch et al. 1996; Sexton et al. 1998) .
We endeavored to add to this small, but growing, collection of long-term demographic studies of pondbreeding amphibians by studying an apparently healthy population of Spotted Salamanders (Ambystoma maculatum) in an isolated breeding pond in central Ohio for a period of 10 yr. Spotted Salamanders are a common species in eastern North America, representing a classic temporary pond species (Brodman 2013) . They breed primarily in temporary, fishless ponds (Downs 1989) and spend the remainder of their time in surrounding forested habitats, preferably with well-drained soils and abundant small mammal burrows (Faccio 2003; Regosin et al. 2003) . Although the species is considered stable within its range, there is evidence that habitat degradation and loss negatively affects individual health, and population size, and persistence (Homan et al. 2003 (Homan et al. , 2004 Porej et al. 2004; Windmiller et al. 2008) . The demography of A. maculatum has been reasonably wellstudied at shorter timescales in different parts of their range (e.g., Husting 1965; Blackwell et al. 2004; Homan et al. 2007) , enabling us to put our long-term data set in context of other studies. There are few studies of Spotted Salamanders that exceeded 6 yr, however, and those longer term studies have often been limited in their demographic scope, generally censusing only egg masses and larvae (e.g., Brodman 2002; Petranka et al. 2007) . Given that time to maturation varies from a typical minimum of 2 yr to an upper limit of 3-7 yr with increasing latitude (Bishop 1941; Wilbur 1977; Flageole and Leclair 1992) , it is important to maximize the length of long-term studies to encompass more generations.
Our goal was to increase our depth of understanding of Spotted Salamander demography and its variation over a more biologically meaningful timescale. To that end, over a 10-yr period at a single breeding pond, we examined changes in sex ratios, recruitment rates, and breeding population sizes for males and females. Annual survival and recapture rates were estimated using individually marked adults. We also measured mass and snout-vent length (SVL) of a majority of adults and examined differences in body size across sex, year and, in some cases, within years. Finally, we measured mass for the majority of emerging juveniles as they left the pond to determine whether they differed in body size both within and across years. By comparing our data with shorter term longitudinal studies as well as the few longer term studies of this species, we might be better able to inform future conservation efforts for this important group of amphibians.
MATERIALS AND METHODS
Study Site From January 2005 through July 2014, we studied a breeding population of Spotted Salamanders at Taylor-Ochs Pond in the Denison University Biological Reserve in Granville, Ohio (4085 0 N, 82831 0 W; datum ¼ WGS84). Taylor-Ochs Pond is a human-made, temporary pond with a surface area of~0.1 ha, when full. Based on historical photographs, we know that the pond has existed for !50 yr. In addition to Spotted Salamanders, the pond also serves as a breeding habitat for Wood Frogs (Lithobates sylvaticus), American Toads (Anaxyrus americanus), Spring Peepers (Pseudacris crucifer), and Gray Treefrogs (Hyla versicolor). Over the course of our study, the pond generally held water from November through early August. However, there were several years (2007, 2009, and 2012) in which the pond dried relatively early (late May-early June). The pond is surrounded by secondary growth forest for !100 m linearly from the pond edge in all directions. It is fed by a farm pond on private property~100 m to the north and drains through a partially blocked outflow to the southeast. The shallowness and transient nature of the stream that feeds the pond largely prevents any influx of fish from the farm pond. Indeed, we observed a few small, unidentified fish (,3 cm body length) in our pond, only once (March 2012), following an exceptionally large rain event. The subsequent late spring drying of the pond in 2012 prevented any fish population establishment.
In Fall 2004, we constructed a drift fence system that completely encircled the pond, with 12 pairs of pitfall traps (plastic 19-L buckets) spaced~15 m apart along the fence. The original drift fence was made from siltation fabric, which was prone to small mammal damage. Therefore, in 2006, the siltation fabric was replaced with aluminum flashing. In 2013, as part of related study on emigration orientations, we added four short arcs of fencing (~30 m long, with three pairs of pitfall traps each), one in each of the cardinal directions. These arcs were~15 m farther from the pond edge than the complete, inner fence. In all cases, the terrestrial fencing extended !7 cm below ground to help prevent trespass. Seine fencing (0.75-cm mesh) was used to fence the inflow and outflow to allow water flow, while preventing animal trespass. On the rare occasions that heavy spring rains caused water levels to rise, filling the buckets, minnow traps were temporarily placed at each bucket location . From 2005 through 2014, the buckets were checked either daily (from adult breeding immigration through juvenile emergence) or two to four times weekly (through Autumn and Winter of each year).
Animal Capture and Handling
We sexed adult Spotted Salamanders that were captured in the buckets, and recorded their mass (60.1 g), SVL (60.1 mm), and presence of a passive integrative transponder (PIT) tags. We did not routinely measure SVL on inbound animals in 2005; we added that step to our procedure beginning in 2006. Also, for rare cases in other years, we did not obtain accurate SVL measurements of a small number of adults, either because of equipment failure, uncooperative animals, or researcher error. Once sexed, measured, and scanned, adult specimens were released to the other side of the fence. If they were captured coming into the pond (including at an outer fence arc in 2013 and 2014), they were released directly into the pond, whereas if they were captured leaving the pond, they were released under leaf litter !1 m from the fence. In 2013, over the course of 2 d, we mistakenly released 70 inbound adults (6 females and 64 males) into the habitat between an outer fence arc and the inner fence, rather than directly into the pond. We assumed that those adults were eventually captured and counted at the inner fence, and therefore, to avoid double-counting, we did not include that subset of captures along the outer fence arc in our population estimate for 2013. On days when large numbers of captured adults were coincident with adverse weather conditions, the specimens were sometimes placed in labeled containers and brought to our lab at Denison University (~3 km away). They were temporarily stored in a standard refrigerator, while waiting to be processed in the lab. For all inbound captures and for the vast majority of outbound captures, adults were returned to the pond before dark on the day of capture. On rare occasions, there were so many specimens that some outbound (presumably postbreeding) adults were kept overnight, and processed and returned the following morning.
From 2005 to 2011, we haphazardly selected a subset of outbound adults to be implanted with PIT tags (Biomark, Inc.), following Homan et al. (2007) . We selected subjects to receive PIT tags in one of two ways: we either tagged every previously unmarked outbound adult captured in a single night, or we tagged all animals in a subset of traps (e.g., every We recorded juvenile specimens captured as they left the pond in all years, and determined their mass (60.1 g) in all years except 2013 and 2014 (because of time constraints). They were then immediately placed under leaf litter, !1 m from the fence. If juveniles were captured trying to re-enter the pond area, they were counted and placed in leaf litter on the pond side of the fence. The number of juveniles that reentered the fenced area (i.e., possibly double-counted) ranged from 1 (in 2005, 2006, 2010) to 34 (in 2014) . It is also likely that we missed individuals as a result of trespass, however, so we treat outbound counts as estimates. Juveniles were always processed in the field. No juveniles emerged in 2007, 2009, or 2012 ; the pond dried relatively early in all 3 yr. Additionally, in 2012, there was a Ranavirus outbreak that likely contributed to larval Spotted Salamander mortality (Homan et al. 2013 ).
Estimates of Demographic Patterns
Breeding population sizes were estimated based on the total number of inbound captures of adult Spotted Salamanders (by sex, or combined) in each year. Estimated numbers of egg masses were made during the spring (late March-May, depending on the year) from 2005 to 2008, as well as in 2012 and 2013. Counts were made by two people simultaneously walking linear transects through the pond. Each person examined a width of~2 m along each transect, counting egg masses as they walked. We calculated the recruitment rate for each year based on the total number of outbound juveniles captured relative to the number of inbound females captured that year. We assessed trends in population sizes over time by examining relationships between total breeding population estimates and year, as well as between the male and female breeding population estimates and year.
We used mark-recapture data from our PIT-tagged subset of adults to estimate apparent annual survival (U) and annual recapture rates (p). We expected these values to differ because some animals survive across years in which they were not encountered, likely as a result of skipping breeding years and/or trespass. By using the Cormack-JollySeber (CJS) method in Program MARK (v6.0; White and Burnham 1999), we generated models to estimate both apparent annual survival and recapture rates based on the capture histories of each marked individual. We also used CJS models to explore how these two variables depended on year (t) and/or sex (s). We identified the most parsimonious model as the one with the smallest difference in Akaike's Information Criterion corrected for small sample sizes (AIC c ) values and greatest AIC c model weight (Burnham and Anderson 2002) . To maximize the number of recapture opportunities that could be modeled, we included only PITtagged adults from 2005, 2006, and 2007, such that each individual had at least seven encounter opportunities. Paired t-tests were used to examine differences in male and female recapture rates across years.
We also examined body mass and SVL of both marked and unmarked inbound adults to assess the level of variation in these traits as a function of sex and year. In addition, using data from PIT-tagged animals, we compared the percent loss of body mass for males and females captured entering and exiting the pond in the same year. We determined how the rates of mass varied as a function of time spent in the breeding pond. We also compared juvenile mass in each of the years that members of this cohort were measured (2005, 2006, 2008, 2010, and 2011) . Within each year, we determined whether juvenile mass varied as a function of Julian emergence date.
Data Analysis
With the exception of the survival and recapture models, which were performed using Program MARK, all statistical results were calculated using SigmaPlot (v11.2, Systat Software, San Jose, CA). All comparisons of means were made using Student's t-test or an analysis of variance (ANOVA), followed by a Tukey's honest significant difference post hoc test. Bivariate relationships were examined using either correlational analyses or linear regression analysis.
RESULTS

Breeding Population Sizes, Egg Mass Counts, and
Recruitment Rates We found that over the course of a decade, the breeding population of Spotted Salamanders ranged from 1061 to 399 adults and experienced an overall decline (R 2 ¼ 0.46, F 1,8 ¼ 6.89, P ¼ 0.03; Fig. 1a ). This negative trend in breeding population size appears to reflect a decline in the number of adult males during this period (R 2 ¼ 0.68, F 1,8 ¼ 17.31, P ¼ 0.003), rather than the number of adult females (R 2 ¼ 0.02, Fig. 1b) . In turn, this changed the relative sex ratio for the population from a peak of 3.9:1 male:female early in the decade (2006) to a low of 1.3:1 at the end of the study period (2014; Fig. 1b) . Counts of egg masses (recorded in 7 of 10 yr) ranged from 62 to 364, and were not correlated with numbers of breeding females, although they tended to trend positively (r ¼ 0.71, P ¼ 0.07). Egg mass counts were also not correlated with numbers of emerging juveniles (r ¼ À0.19, P ¼ 0.68; Fig. 1c) . Numbers of juveniles were low, ranging from 0 to 304/yr, and were not correlated with numbers of breeding females (r ¼ 0.15, P ¼ 0.68). Our estimated rates of recruitment ranged from 0 to 0.98 juveniles emerging per adult female that entered the pond (Fig. 1c) . Years with no recruitment corresponded with years in which the pond dried before metamorphosis could be achieved (2007, 2009, and 2012) and/or when a documented Ranavirus outbreak occurred (2012).
Adult Demographic Patterns Our best CJS model on individually marked adults indicates that annual recapture rates depended on both sex and year, but that annual survival rates depended on year only (Table 1 ). Annual recapture rates varied among years, with a range of 22-61% for males and 16-67% for females. Despite the overlapping range in recapture rates between sexes, controlling for years, males had a higher mean annual recapture rate than did females (paired t 7 ¼ À2.78, P ¼ 0.03; Table 2 ). Annual survival estimates ranged from 52 to 100% within our time window of eight annual intervals (Table 2) .
On average, inbound female Spotted Salamanders weighed more than males, with means (61 SE) of 26.9 6 0.1 g and 17.7 6 0.1 g, respectively (F 1,6769 ¼ 7269.85, P , 0.0001; Fig. 2a) . Females also had longer SVLs than males, with means of 102.7 6 0.1 mm and 92.9 6 0.1 mm, respectively (F 1,5969 ¼ 3023.95, P , 0.0001; Fig. 2b) . Additionally, there were differences in mass across years (F 9,6769 ¼ 129.58, P , 0.0001; Fig. 2a) , with greater overall masses in 2005 and 2007, smallest in 2009-2013, and intermediate in 2006, 2008, and 2014 (all P , 0.05) . Similarly, SVL differed across years (F 8,5969 ¼ 59.38, P , 0.0001; Fig. 2b) , with average SVLs being greatest in 2007, smallest in 2011-2013, and intermediate in 2006, 2008-2010, and 2014 (all P , 0.05) . There was also a sex 3 year interaction for both mass (F 9,6769 ¼ 22.01, P , 0.0001) and SVL (F 8,5969 ¼ 9.36, P , 0.0001), with males apparently maintaining both their average masses and SVLs more consistently over time than females (Fig. 2) . Inbound mass tended to be negatively related to the Julian date of immigration in some years for both females (2005) (2006) (2007) (2008) (2009) (2012) (2013) and males (2005-2007, 2012-2013; Table 3 ). Inbound SVL also tended to be negatively related to the Julian date of immigration for both sexes in a subset of the years studied (2006-2007, 2012-2013; Table 3 ).
Among individually marked adults, we found that females lost a greater percentage of their mass while in the breeding pond than did males (X ¼ 19.2 6 2.46% and 6.7 6 0.65%, respectively; t 70 ¼ 7.09, P , 0.001). We also found that the percentage of mass lost increased as the number of days in the breeding pond increased (Fig. 3) . Although this positive relationship existed for both male and female salamanders, the strength of the relationship was stronger for females (R 2 ¼ 0.57, F 1,13 ¼ 16.93, P ¼ 0.001) than it was for males (R 2 ¼ 0.18, F 1,55 ¼ 12.05, P ¼ 0.001; Fig. 3 ).
Juvenile Demographic Patterns
There was successful recruitment of juveniles (i.e., metamorphosed juveniles emerged from the pond) in 7 of the 10 yr studied (Fig. 1c) . Although we measured outbound juvenile mass in only 5 of the 7 yr in which there was recruitment, variation in average mass of the emerging juveniles was apparent across those years. 
DISCUSSION
Our goal was to quantify demographic parameters of an apparently healthy population of Spotted Salamanders for an extended period of time, so as to improve our understanding of typical population variability and demographic fluctuations. The breeding population size at Taylor-Ochs Pond, which ranged from 399 to 1061 over 10 yr, was large, but mostly overlapped with the ranges estimated for other breeding populations. As examples, populations varied from FIG. 1.-Numbers of (a) breeding Ambystoma maculatum adults (R 2 ¼ 0.46, P ¼ 0.03), (b) split by sex (females, R 2 ¼ 0.02, P ¼ 0.67; males, R 2 ¼ 0.68, P ¼ 0.003), and (c) counts of breeding females plotted alongside egg mass counts and numbers of emerging juveniles from 2005 to 2014 in Taylor-Ochs Pond, Ohio. Numbers near the bottom of (b) reflect sex ratios (male:female), and numbers near the bottom of (c) reflect recruitment rates (emerging juveniles per breeding female) for each year. Significant negative linear relationships of overall breeding adults (a) and breeding males (b) over time are represented by the equations y ¼ À46.1x þ 93246.0 and y ¼ À41.6x þ 84148.9, respectively. 180 to 459 breeding adults over 4 yr in Michigan (Husting 1965) , and from 223 to 1042 breeding adults across 4 yr at a set of ponds in Missouri (Semlitsch and Anderson 2016) . Although our breeding population size was on the high end of these ranges, the maximum fluctuation in our population size over time (2.65-fold) was intermediate with respect to other studies (1.24-3.13-fold; Husting 1965; Windmiller 1996; Blackwell et al. 2004; Homan et al. 2007; Semlitsch and Anderson 2016) . Male:female sex ratios at our pond varied from 1.3 to 3.9:1, which were also within the range reported in other studies. The majority of previously reported sex ratios fall within the range of 1-3 males/female (e.g., Peckham and Dineen 1954; Windmiller 1996; Blackwell et al. 2004; Homan et al. 2007) . A few estimates of sex ratios have been more heavily male-skewed, however, reaching values of 5 to~12 males to females (e.g., Whitford and Vinegar 1966; Semlitsch and Anderson 2016) .
Egg mass counts in each year were not positively correlated with our counts of breeding females entering the pond, although there was a trend in that direction. This finding, along with the fact that egg mass counts were not correlated with emerging juveniles might complicate efforts to use egg mass counts as indicators of population health for A. maculatum, a strategy used in other long-term studies of salamanders (Brodman 2002) . However, our sample sizes were small for both correlations (n ¼ 10 and n ¼ 6, for females and juveniles, respectively), so care should be taken in interpreting the lack of significant relationships.
Recruitment in our population-a mean of 0.33 emerging juveniles per breeding female (ranging from 0 to 0.99)-was low compared with other studies that reported recruitment rates ranging from 1.09 juveniles/female over 4 yr (Semlitsch and Anderson 2016) , to 8.7 juveniles/female over 4 yr (Windmiller 1996) . Our population never recruited at replacement levels. Although other populations have experienced years of low, nonreplacement level recruitment, they also experienced years of high recruitment that could help maintain adult breeding populations. For example, Semlitsch and Anderson (2016) reported that recruitment surpassed the replacement rate of 2 juveniles/female in at least one of the years for four of their five study ponds. Additionally, two separate populations in Massachusetts experienced recruitment rates !2 juveniles/female in 25% and 80% of years studied (Windmiller [1996] and Homan et al. [2007] , respectively). The consistently low recruitment rates at the Taylor-Ochs Pond indicate that the A. maculatum population occurring there might be regulated in important ways during the aquatic stages.
The low recruitment rates likely contributed to our population exhibiting an overall decline, apparently driven by a reduction in males relative to females. Given that female A. maculatum tend to live longer than males (Flageole and -Mean values (61 SE) for annual recapture rate and survival rate (sexes combined) of individually marked Ambystoma maculatum collected at Taylor-Ochs Pond, Ohio, over eight interyear intervals, based on the most parsimonious Cormack-Jolly-Seber model (see Table 1 ). Table 3 for the sample size contributing to each depicted value. In all years, for both body-size indicators, females were larger than males (P , 0.05). For simplicity, only differences among years (sexes combined) are reflected by different letter(s) above each pair of bars.
LeClair 1992), a decline in breeding males as a result of low recruitment might be detected more rapidly than a cooccurring decline in females. There was a similar pattern of population decline found in a Massachusetts population over the course of 5 yr (Homan et al. 2007) , but other longitudinal studies have found that breeding populations of Spotted Salamanders were largely stable (Husting 1965; Brodman 2002; Blackwell et al. 2004; Semlitsch and Anderson 2016) . It is possible that the negative population trajectory in our population is part of a larger natural fluctuation that will potentially reverse, with time. Conversely, our population might be experiencing an actual decline, potentially because it is not as protected from anthropogenic factors as we assumed. Indeed, the Ranavirus mortality we observed in 2012 (Homan et al. 2013 ) might be an indicator of anthropomorphic stressors on this population. In addition, given the short hydroperiod in the 3 yr with no recruitment, we cannot eliminate the possibility that there might be an increase in summer drought conditions over time that might negatively influence recruitment (Anderson et al. 2015) .
Our estimates of annual survival of adult A. maculatum varied by year (X ¼ 0.74, range ¼ 0.52-1.00), but were similar to ranges of 0.60-1.00 reported in other studies (Husting 1965; Douglas and Monroe 1981; Blackwell et al. 2004 ). These relatively robust annual survival rates indicate that adult survivorship is not currently a primary contributor to the decreasing population size at Taylor-Ochs Pond. Although survival estimates were not different across sexes, adult annual recapture rates depended on both year and sex, with males being more likely to be recaptured annually than females. This pattern likely reflects a propensity for females to skip breeding years more often than males. Compared with other annual recapture estimates of 0.36-0.51 (Husting 1965 ), 0.44-0.73 (Blackwell et al. 2004 , and 0.86 (Whitford and Vinegar 1966) , our estimated rates of annual recapture were low (females ¼ 0.16-0.67; males ¼ 0.22-0.61). Given that our annual survival rates are consistent with other studies, it is possible that the lower recapture rates at our site reflect a population in which individuals of both sexes are more likely to skip years between breeding than in other populations. It is also possible, however, that differences among research methodologies limit the meaningful comparisons about estimated survival and recapture rates for different populations of A. maculatum. Only one other study (Blackwell et al. 2004 ) used the same individual marking technique (e.g., PIT-tagging rather than toe-clipping) and mathematical modeling tool (e.g., a Jolly-Seber model) as we did. Additional survival and recapture estimates, particularly from long-term data sets, would allow for a more rigorous understanding of these population parameters.
As we expected, females were larger than males in terms of both inbound mass and SVL. The mean SVL of each sex in our population was among the higher estimates of body sizes for Spotted Salamanders (ranging from 84.2 to 110.7 mm and 80.5 to 98.1 mm for females and males, respectively ; Husting 1965; Blackwell et al. 2003) . In contrast to Semlitsch and Anderson (2016) who reported that SVL varied by pond but not by year, we found that both body size indicators also varied across years. At Taylor-Ochs Pond, adults were largest in both metrics in 2007 and smallest in both metrics in 2011-2013. In our 10-yr study period, some years (particularly 2006-2007) were likely better for growth than other years. Alternately, some years might have been favorable for older (i.e., larger; Blackwell et al. 2003) animals to survive and breed, which is supported by the relatively high survival and recapture rates we observed from 2005-2006 and 2006-2007. In terms of within-year adult body-size patterns, we found that, in some years, there was a weak negative relationship between mass and/or SVL and Julian date of breeding immigration for both males and females. This pattern might be attributable to larger adults tending to arrive earlier at the pond than smaller adults. This result contrasts with studies that have found that larger females tend to arrive at the pond later than smaller females (e.g., Semlitsch and Anderson 2016) . Given the weak relationships for both sexes at our site, however, and the fact that statistical significance might be attributable to the large sample sizes, more research is needed to determine whether or not these relationships are biologically meaningful.
Once in the pond, female and male A. maculatum lost an average of 19.2% and 6.7% of their mass, respectively. These loss estimates are relatively low compared with the previously published ranges of 24-38% mass loss for females and 4.5-13% mass loss for males (Sexton et al. 1986; Windmiller 1996) . We also found that the proportion of mass loss increases with time spent in the pond, and that the rate increase is higher for females than for males. It would be interesting in future experiments to determine what fraction of mass loss is attributable to spermatophore release or egg deposition and how much is related to a negative ratio of food consumption to energy expenditure. Such information could facilitate an understanding of the relative risks and rewards associated with residence time in the pond, and how that balance differs between the sexes.
We found that the mass of emigrating juveniles varied among the 5 yr in which sample sizes were large enough for a robust comparison. This result contrasts with Semlitsch and Anderson (2016) , who reported that emigrating juvenile body sizes (measured as SVL) did not vary over a 4-yr period. Similar to Semlitsch and Anderson (2016) , we found that the relationship between juvenile size at metamorphosis and Julian date of emigration was variable across years, with 2008 being the only year in which we identified a positive linear relationship. Taken together, these results indicate that influences on juvenile size at metamorphosis might be more complicated than the genetics of the parent population and/ or the time available for development. We continue to examine the effects of weather variables on the phenology of adult breeding migrations and juvenile emigration, as well as the relationships between hydroperiod and developmental time available for larval development.
The ability to distinguish between natural and anthropogenic causes that contribute to fluctuations in population size is critical to the development of effective conservation measures for amphibian species (Pechmann et al. 1991) . Studies of apparently healthy populations that span more than two generations are rare, yet they are necessary to understanding the inherent variability of a species. Our 10-yr study revealed patterns for several demographic traits of Spotted Salamanders-including fluctuation in breeding population sizes, sex ratios, and annual survival estimatesthat were largely consistent with those of other shorter term longitudinal studies. These consistencies indicate that we might have a fairly robust understanding of the typical fluctuations of these traits across the range of A. maculatum. Other demographic traits-such as the declining male breeding population, very low recruitment rates, low annual recapture rates, and interannual variations in mean body size of both breeding adults and emerging juveniles-were sufficiently different from other studies as to add to our understanding of the potential demographic variability of this species. Such declines in populations that are otherwise not subject to anthropomorphic pressures deserve further exploration. The role of a changing climate, with its associated changes in hydroperiod for pond-breeding species (Anderson et al. 2015) , and the increase in Ranavirus detection being observed with the range of Spotted Salamanders (Homan et al. 2013) , merit future research. 
